INTRODUCTION {#sec1-1}
============

*Croton membranaceus*, a plant of the Genus Euphorbiaceae, is an emerging plant of interest from the medicinal point of view. Its aqueous root extract is currently employed, in varying dosage forms, for the treatment and management of prostatic cancers and other related tumors.\[[@ref1]--[@ref2]\] The anti- microbial activities of the methanol root extracts have also been confirmed,\[[@ref3]\] likewise, its usefulness in treating secondary bacterial infections in a clinical condition such as measles by some natives in Ghana.\[[@ref2]\] Phytochemical investigations into the ethyl acetate fraction of the root extract led to the isolation of a new furano-clerodane diterpeniod, crotomembranafuran in addition to known glutarimide alkaloid, julocrotine; beta-sitosterol; beta- sitosterol-3-D-glucoside; labdane diterpioid, gomojoside H, and DL-thrietol.\[[@ref4]\] Furthermore, marked cytotoxic activity of crotomembranafuran, beta-sitosterol-3-D-glucoside, and DL-thrietol against human prostate (PC-3) cells has been reported.\[[@ref5]\]

The promising anti-tumor potential of many medicinal plants including *C. membranaceus* has also led to concerns over safety and efficacy despite their long history of use, and the perception that such "natural" products offer a safer alternative to conventional medicines.\[[@ref6]\] On the contrary, the toxicity of medicinal plants has been known to man since their therapeutic effects became known. Although cytotoxic evaluations of some selected Ghanaian medicinal plants including *C. membranaceus* lend credence to their use in traditional medicines for the treatment of cancer,\[[@ref4]\] extensive toxicological studies have not been documented on *C. membranaceus* to confirm its safety, neither has its anti-atherogenic potential being reported. Furthermore, toxicological data on extracts of medicinal plants are currently required as part of the evaluation process of these plants in many countries to ensure safety before marketing.\[[@ref7]--[@ref8]\] Additionally, toxicity studies on medicinal plants provide insight into specific toxic effects on target organs, the mode of toxic action, and also dosing range guidance for other toxicity studies.\[[@ref9]--[@ref10]\] However, the virtual non-existence of extensive toxicological and other therapeutic data on *C. membranaceus*, despite claims of success in its use for prostatic tumors and other related cancers, limits its widespread acceptance as a potential anti-tumor, anti-atherogenic, and anti-ischemic agent. Indeed, numerous drugs used in cancer chemotherapy exhibit cell toxicity with the potential to induce genotoxic, carcinogenic, and teratogenic effects on non-tumor cells.\[[@ref11]\]

The study, therefore, revealed anti-atherogenic and anti-ischemic properties of *Croton membranaceus*, although the aim was the determination of the possible sub-chronic toxic effects of the aqueous root extract using male Sprague-Dawley (SD) rats.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant Material {#sec2-1}
--------------

*C. membranaceus* roots were collected from the Gyekiti Forest Reserve area in the Eastern region of Ghana by Dr. Archibald Sittie of the Center for Scientific Research into Plant Medicine (CSRPM). The plant was identified by its vernacular names by the farmers and authenticated by taxonomists from the CSRPM herbaria where voucher specimens (CSRPM 2110) of the plants have been kept for reference purposes. The roots were carefully washed with water, sun-dried for two weeks, pulverized, packaged in sample bottles, labeled appropriately, and stored at room temperature (25°C-27°C).

Preparation of Aqueous Extract {#sec2-2}
------------------------------

One thousand grams (1000 g) of dry powdered *C. membranaceus* root was macerated for 24 hours with 4000 mL of distilled water and heated for 1 hour. The extract was filtered through medical gauze to separate it from the residue. Another 3000 mL of distilled water was added to the residue, macerated for a further 24 hours, and the above procedure repeated to obtain a second extract. The extracts were pooled and freeze-dried using Freeze Dryer Gamma 1-16/2-16 LSC (2004 version). The dry yield of the extracts was weighed (20.6 g) and stored in a sealed container in a refrigerator between 2°-8°C until use.

Experimental Animals {#sec2-3}
--------------------

Twenty-four healthy, young male Sprague-Dawley (S-D) rats (6-8 weeks) weighing 100-150 g were purchased from the Animal Experimentation Department of the Noguchi Memorial Institute for Medical Research (NMIMR). The rats were housed in the University of Ghana Medical School Animal Experimentation and Care Unit, and were treated humanely. During the acclimatization period, clinical observations on the animals were conducted as well as body weight determinations, and the rats were found healthy. Rats were assigned into groups including a control group. S-D rats were housed in metal cages with stainless steel tops in the animal care facility where room temperature, humidity, and ventilation were controlled. S-D rats fed *ad libitum* a standard chow diet (AIN-93G formulation, obtained from GAFCO-Ghana). Rats were maintained at a 12-h light-cycle and prepared for various experiments. Prior to sacrifice, rats were anesthetized and later euthanized. All visible organs and tissues were macroscopically examined and harvested after blood sampling by cardiac puncture.

Experimental Design {#sec2-4}
-------------------

### Sub-chronic Toxicity Test {#sec3-1}

The protocol adopted followed the OECD (1998) protocol\[[@ref9]\] using a total of 24 healthy S-D male rats. Rats were randomly divided into 4 groups of 6 each. Three of the groups were given single doses of 30, 150, and 300 mg/ kg b. wt. of the aqueous extract by oral gavage, respectively, for 90 days, while the control group received distilled water equivalent to the volume of extract given. Rats in the different groups were weighed weekly from day 0 to the 90th day. All animals were observed for apparent clinical signs of toxicity, morphological, and behavioral alterations during the experimental period. The weights of animals, food, and water consumption were also monitored during this period. Urine and blood samples were collected from individual rats on the 91st day of the study for urinalysis, hematological and biochemical assays. Blood was collected by cardiac puncture, and major organs such as the liver, heart, and kidneys harvested from each rat for macroscopic and histological studies, before sacrifice.

Urine Analysis {#sec2-5}
--------------

Urine samples were collected from individual animals on the 91st day and analyzed for glucose, bilirubin, ketone, nitrite, pH, blood, protein, urobilinogen, leukocytes employing standard procedures with the aid of URIPATH test kit (Plasmatec Laboratory Products-UK-Lot 100114).

Hematological Assessment {#sec2-6}
------------------------

Blood was collected into EDTA (ethylenediamine-tetracetate)-2K tubes and analyzed for red blood cell counts (RBC), hemoglobin levels (HGB), hematocrit (HCT), mean cell volume (MCV), mean cell hemoglobin concentration (MCHC), packed cell volume (PCV), white blood cell counts (WBC) (total and differential), and platelets count (PLT) using a Sysmex-KX-2IN hematology auto analyzer. Reagents for hematological analyzes were obtained from Stromatolyser (WH-USA).

Biochemical Assessment {#sec2-7}
----------------------

Blood collected into gel separator tubes was processed for serum by allowing it to clot and centrifuging for 5 minutes at 3000 rpm. Serum samples were stored at −20°C until use. The serum was analyzed for levels of sodium ions, potassium ions, chloride ions, total protein, albumin, total bilirubin, alkaline phosphatase (ALP), alanine aminotransferase (ALA), aspartate aminotransferases (AST), total cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL), very low density lipoprotein (VLDL), urea, creatinine, lactate dehydrogenase (LDH), creatine kinase MB (CK-MB) (Muscle and Brain), and creatine kinase NAC (Total CK) using SELECTRA JUNIOR AUTOANALYZER (VITAL SCIENTIFIC BV, VERSION 04, NETHERLANDS).

Pathology {#sec2-8}
---------

Harvested heart, liver, and kidney tissues were freed of fat and connective tissues, blotted with clean wipes, examined macroscopically, and weighed to obtain the organ-to-body weight ratios.\[[@ref12]\] 3 μm sections of the heart, kidney, and liver were dried at 61°C in an oven and dewaxed in two changes of xylene for 5 minutes each. They were rehydrated by passing through two changes of absolute ethanol, 5 minutes each before passing through tap water. The sections were stained in Mayer\'s hematoxylin for 5 minutes, blued in tap water before staining in alcoholic eosin for 45 seconds. The stained sections were dehydrated in increasing concentrations of ethanol, cleared in xylene and mounted in-dibutyl phthalate in xylene (DPX).

Statistical Analyzes {#sec2-9}
--------------------

Statistical analyzes of the data was done using SPSS (Statistical Package for Social Sciences) version 16. Results were expressed as mean±standard error of mean (SEM), *n*=6. Significant differences between dose groups and controls were evaluated by performing a one-way ANOVA (followed by Newman-Keuls multiple comparison test). If ANOVA showed significant differences, *post hoc* analysis was performed with Tukey test. *P* values less than 0.05 were considered significant.

RESULTS {#sec1-3}
=======

Organ Weight and Relative Organ Weight of Male S-D Rats {#sec2-10}
-------------------------------------------------------

No toxidromes or mortality was observed. Administration of aqueous extract of *C. membranaceus* at all dose levels did not result in any significant differences in mean organ weights of the heart, liver, or kidney of the treated groups compared to the control. The highest mean organ weights (in grams) obtained for the heart (C=0.98±0.02, LD=0.95±0.04, MD=0.93±0.02, HD=1.02±0.03), liver (C=7.43±0.37, LD=7.87±0.40, MD=7.88±0.26, HD=8.38±0.54), and kidney (C=1.63±0.08, LD=1.60±0.08, MD=1.62±0.06, HD=1.77±0.08) were observed in the HD group. Furthermore, a dose-dependent increase in organ weights was observed in the liver. However, the body to organ ratios did not show significant differences.

Urinalysis {#sec2-11}
----------

Results obtained from the urinalysis data did not reveal any noticeable differences in urobilinogen, glucose, bilirubin, specific gravity, blood (RBC), nitrite, and leukocytes of control and treated groups. Traces of ketones and proteins were observed in both control and treated groups, and urine pH appeared to be slightly acidic with increasing dose in the medium and high dose groups.

Hematological Indices {#sec2-12}
---------------------

From [Table 1](#T1){ref-type="table"}, the total WBC declined slightly comparing all the test groups to the control group. Lymphocyte count showed a similar decline that was not dose-dependent and was not statistically significant. However, the 15% decline in the % lymphocytes was significant between the C group and the HD group. HGB increased moderately comparing the test groups to the control group. However, this was not in a dose-dependent manner and was not statistically significant. RBC showed a progressive increase from the C group to the HD group. RBC differences were, however, not significant. Similarly, the rest of the hematological parameters did not show significant differences.

###### 

Hematological indices of the control group, Low Dose group (LD=30 mg/kg b.wt.), medium dose group (MD=150 mg/kg b. wt.), and high dose group (HD=300 mg/kg b.wt.) on day 91 after the administration of *C. membranaceous* aqueous root extract on male Sprague-Dawley rats

![](PR-5-10-g001)

BIOCHEMICAL ASSAYS {#sec1-4}
==================

From [Table 2](#T2){ref-type="table"}, the renal function profile (urea, creatinine, sodium, potassium) did not show significant changes. Chloride remained virtually unchanged. Similarly, hepatic enzymes did not show significant differences. However, AST and ALT values declined in a dose-dependent manner. The total protein, albumin, and globulin did not show significant changes \[[Table 3](#T3){ref-type="table"}\].

###### 

Renal function indices of the control group, low dose group (LD=30 mg/kg b.wt.), medium dose group (MD=150 mg/kg b. wt.), and high dose group (HD=300 mg/kg b.wt.) on day 91 after the administration of *C. membranaceous* aqueous root extract on male Sprague-Dawley rats

![](PR-5-10-g002)

###### 

Liver function tests of the control group, low dose group (LD=30 mg/kg b.wt.), medium dose group (MD=150 mg/kg b. wt.), and high dose group (HD=300 mg/kg b.wt.) on day 91 after the administration of *C. membranaceous* aqueous root extract on male Sprague-Dawley rats

![](PR-5-10-g003)

From [Table 4](#T4){ref-type="table"}, values of CK-NAC for the test groups were lower than the control group. CK-NAC reductions ranged from 47%-54% in the test groups. Similarly, CK- MB values were lower in the test groups compared to the control group by 45%-50%, from the LD to the HD. Significant CK-NAC differences were observed between the control group and the MD dose group (*P*=0.013) as well as in the control and HD group (*P*=0.009). Similarly, significant CK-MB differences occurred between the control and MD group (*P*=0.038) as well as between the control and the HD group (*P*=0.012). From the afore-mentioned, it is generalized that about 50% serum CK reduction takes place as a result of *C. membranaceus* administration.

###### 

Arteriogenic and ischemic biomarkers of the control group, Low Dose group (LD=30 mg/kg b.wt.), medium dose group (MD=150 mg/kg b. wt.), and high dose group (HD=300 mg/kg b.wt.) on day 91 after the administration of *C. membranaceous* aqueous root extract on male Sprague-Dawley rats

![](PR-5-10-g004)

LDH values declined in a dose-dependent manner by 48% (LD), 56% (MD), and 68% (HD). Significant differences were observed between the control and MD groups (*P*=0.018) as well as between the control and HD groups (*P*=0.011) \[[Table 4](#T4){ref-type="table"}\].

Some lipid profile parameters demonstrated remarkable changes. Total cholesterol and HDL increased slightly in the test groups compared to the control groups. Increases, however, were not significant. Similarly, LDL values showed slight changes that were not significant. TG levels, however, decreased with dose increase by 39% (LD), 48% (MD), and 52% (HD). Differences were statistically significant between the control and MD groups (*P*=0.0068) as well as between the control and HD groups (*P*=0.005). In the same manner, VLDL levels declined in a dose-dependent manner from 40% (LD)-48% (HD). Decreases were very significant, *P*=0.0076-control verses MD group, and *P*=0.007-control verses HD group \[[Table 4](#T4){ref-type="table"}\]. A 40%- 50% reduction in anti-atherogenic markers was generally observed.

Pathological examination {#sec2-13}
------------------------

Macroscopic examination of the heart, liver, and kidney of the treated groups compared to the control group did not reveal any sign of abnormality or damage, which could be attributed to the extract. Furthermore, histological assessment of sections of these organs did not show any differences or abnormality, which could be attributed to the extract. The photomicrographs of the histological sections of the heart, kidney, and liver of the control and treated groups are shown in Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}.

![Photomicrographs of transverse sections of the heart of the control group (a) and the *C. membranaceus* treated group (300 mg/ kg b. wt) after sub chronic administration of the extract, (b) (H and E, ×20)](PR-5-10-g005){#F1}

![Photomicrographs of transverse sections of the kidney of the control group (a) and the *C. membranaceus* treated group (300 mg/ kg b. wt) after sub chronic administration of the aqueous root extract (b) (H and E, ×20)](PR-5-10-g006){#F2}

![Photomicrographs of transverse sections of the liver of the control group (a) and the *C. membranaceus* treated group (300 mg/kg b. wt) after sub chronic administration of the aqueous root extract (b) (H and E, ×20)](PR-5-10-g007){#F3}

DISCUSSION {#sec1-5}
==========

Toxicity studies using animal models are often employed to determine the health risk associated with a potential medicinal plant. Clinical signs of toxidromes are the first signs of toxicity followed by mortality. In the absence of obvious toxidromes and mortality, elevations of analytes and organ changes (both macroscopic and microscopic) after plant extract administration are good markers of possible toxicity. In certain cases, however, toxicity studies may reveal a depression of certain biomarkers. Such depressions may be suggestive of the presence of some therapeutic agents in the medicinal plant. The need, therefore, to screen all medicinal plants in use for toxicity and side effects cannot be over-emphasized.

Hematological analyzes are also appropriate for risk assessment as such changes in blood cells provide useful information of toxicity in humans. In this study, the absence of deleterious effects on the WBC, RBC, HGB, HCT, MCV, MCH, HCHC, and PLT largely suggests that the hematological parameters were generally unaffected, apart from the percentage lymphocytes that showed significant decreases with the high-dose group. In an acute toxicity study of *C. membranaceus*, similar decreases were observed but were not statistically significant.\[[@ref13]\] Lymphocytes are produced in the bone marrow and are involved with the immune system. Several factors may account for low lymphocyte levels. Some of which include infection, aplastic anemia, and some nerve disorders. Okokon *et al*. reported of reduced lymphocyte percentage when the ethanol root extract of *C. zambesicus* was administered to rats at 27, 54, and 81 mg/kg b. wt.\[[@ref14]\] However, decreases were not statistically significant. The reduced levels of lymphocytes by the high dose of the extract in this study may have important immunomodulatory effects on the effector cells of the immune system and phagocytic activity as similarly observed in other medicinal plants.\[[@ref15]--[@ref16]\] Furthermore, since there were no reductions in HCT, MCHC, and MCH (except for the high dose group), normocytic and hypochromic anemia in the treated groups can be excluded.\[[@ref17]\]

Renal function indices such as urea, creatinine, and electrolytes examine the excretory capacity of the nephrons as well as the electrolyte regulatory function of the distal convoluted tubules. The profile of the renal function tests and histology \[[Figure 2](#F2){ref-type="fig"}\] suggest the absence of nephrotoxicity. Marginal changes in the urea concentration were observed. However, this did not follow any dose-specific pattern. Similarly, renal handling of electrolytes was not affected by *C. membranaceus*. Although Okokon *et al*. observed slight increases in creatinine in a dose-dependent fashion, after the administration of the ethanol root extract of C. zambesicus, changes were not significant.\[[@ref14]\] Furthermore, in that study, sodium was slightly elevated in all the test groups and was significant, demonstrating nephrotoxicity as cited in other studies.\[[@ref18]--[@ref19]\] Urinalysis of renal metabolites and filtrates is often used as an indirect or corroborative measure of nephrotoxicity or kidney damage. Results from the urinalysis performed showed that there were no significant changes in urobilinogen, glucose, bilirubin, specific gravity, blood (RBC), nitrite, leukocytes, ketones, proteins, and urine pH in the control and treated groups as similarly observed in the acute toxicity study of the extract.\[[@ref13]\] These results suggest that the extract was not nephrotoxic and neither did it induce acidosis, alkalosis, ketonuria, and hyperbilirubinemia.

Liver enzymes are particularly important in determining the hepatocellular integrity of the liver. It is only during tissue damage that these enzymes leak out of the tissue and become elevated in the serum. Elevations in ALT and AST are, therefore, an indication of hepatocellular damage. Previous studies of *C. membranaceus* at higher doses of 3000 mg/kg b. wt. did not show statistical differences between the test groups and the control group.\[[@ref13]\] However, in this study, both ALT and AST levels were reduced by more than 50% after daily administration of *C. membranaceus* for 90 days. On the contrary, a similar sub-chronic toxicity study on the ethanol crude root extract of *C. zambesicus* resulted in significant increases in ALT, AST, and ALP, suggesting hepatotoxic effects of the extract.\[[@ref14]\] The findings from this study, therefore, indicate that the extract does not cause hepatocellular injury nor does it disturb hepatocytes membrane integrity as observed in [Figure 3](#F3){ref-type="fig"}.\[[@ref20]--[@ref23]\]

A significant elevation of serum ALP levels is usually a characteristic finding in obstructive jaundice or in cholestatic liver disease.\[[@ref24]\] With respect to serum levels of ALP in this study, insignificant reduced levels were observed in the low and medium dose groups compared to the control group, suggesting that the extract does not cause obstructive jaundice or intrahepatic cholestasis. The liver\'s ability to promote protein synthesis after *C. membranaceus* administration is reflected by the absence of reduced levels in the protein fractions. Increase in the total protein, albumin, and globulin, therefore, indicate promotion of protein synthesis as equally observed by Okokon *et al*. with *C. zambesicus*. In the absence of adverse findings, these results suggest some level of hepato-protection offered by *C. membranaceus*.\[[@ref14]\]

Changes in the levels of atherogenic analytes provide relevant information on the predisposition of the heart to atherosclerosis and its associated coronary heart disease. From the lipid profile results, it is possible that *C. membranaceus* in the bloodstream reduced the amount of volatile fatty acids (VFA) or the non-esterified fatty acids or prevented demobilization of lipids from the adipose tissue. With reduced lipids entering the hepatic component, acetate or aceyl CoA production reduces, thereby reducing the amount of cholesterol entering the microsomal pool and hence a reduction in the microsomal transfer protein that is available to the smooth endoplasmic reticulum for VLDL assembly through the golgi apparatus. Furthermore, a reduced production of acetyl CoA affects TG production in the microsomal pool, which eventually reduces microsomal transfer protein production and subsequently VLDL production. The exact mechanism of action of *C. membranaceus* is uncertain at this stage. However, the data demonstrates a reduction in TG and VLDL. A change in lipoprotein metabolism can result from a change in synthesis, processing, or catabolism of plasma lipoprotein particles. A change in hepatic synthesis of VLDL can thus lead to hypo- or hyper-synthesis of TG-rich lipoproteins. Cardiovascular diseases are associated with high levels of VLDL.\[[@ref25]\] A low production of VLDL as seen in this study implies a lower risk for atherosclerotic cardiovascular disease development. This possible cardio-protection of *C. membranaceus*, perhaps due to enhanced catabolism of TG, could be due to increased activity of lipoprotein lipase, a key enzyme in the removal and degradation of TG from circulation. Furthermore, the anti-ischemic potentials of *C. membranaceus* are seen from the results of the cardiac enzyme profile. From this study, LDH, total CK, as well as CK-MB reduced significantly, especially in the HD group. In conclusion, these results agree with previous studies suggesting no toxicity but anti- atherogenic and anti-ischemic effects of *C. membranaceus* aqueous root extract;\[[@ref13]\] a suggestion that will require further investigations.
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